rise to fear and avoidance, which may lead to disuse and disability, severely affecting patients' lives 10 (Vlaeyen & Linton, 2000; 2012) . For example, a patient experiencing chronic pain may refrain from valued 11 activities out of fear that doing so will exacerbate the pain that is already present. In the past, theories of 12 avoidance learning often proposed that fear-or more specifically, the reduction thereof-is primarily 13 responsible for the maintenance of avoidance behavior (e.g., Mowrer, 1951) . Often, avoidance was 14 described as the behavioral component of fear-next to a verbal (e.g., self-reports) and a physiological 15 component (e.g., skin conductance) of fear-and was considered to covary with fear (Lang, 1968 ).
16
However, the necessity of fear (reduction) for avoidance behavior has been challenged, and it is posited 17 that fear and avoidance might act or be affected independently ( 
22
Adaptation to changing environments is also facilitated by cues that signal particular outcomes, or 23 the absence thereof (Brackbill & Overmier, 1979; Doya, 2008) . As such, cues can guide goal-directed 24 behavior, but not necessarily in an adaptive way (Holmes, Marchand, & Coutureau, 2010 a cue predicting pain increased pain-related   18 fear and avoidance tendencies, whereas cues predicting reward decreased these tendencies (Claes, Vlaeyen, 19 & Crombez, 2016 ). In the current experiment, we therefore focus specifically on the impact of Pavlovian 20 cues on the avoidance of painful movements. Participants learned to associate different Pavlovian cues with 21 either a painful electrocutaneous stimulus, lottery tickets-or neither of these outcomes. These Pavlovian 22 cues were then integrated in an instrumental movement task, in which participants could choose to perform 23 movements that were either followed by a painful stimulus in 80% of the trials, in 50% of the trials, or 24 never followed by a painful stimulus (safe movement how much effort they were willing to exert to win the prize on an 11-point Likert scale ranging from 0 (not 10 at all) to 10 (very much). Participants also estimated their chance of winning the lottery (in percentages).
11
Additionally, the value and pleasantness of the tickets were rated on an 11-point Likert scale ranging from 12 0 (not at all) to 10 (very much). The value of the tickets was also assessed using a verbal rating scale with 13 the following labels: "light -medium -serious -enormous". 
10
Upon arrival in the laboratory, participants received oral and written information on the purpose and course 11 of the study, and were provided with the opportunity to ask for clarification before giving informed consent.
12
The experimenter (female; A.D.K; N.C.) informed the participants that during the experiment, they would 13 be exposed to painful electrocutaneous stimuli, but that the level of stimulus intensity would be individually 14 determined. Participants were given stimuli of increasing intensity, and were asked to rate pain intensity, 15 pain unpleasantness and pain tolerance after every stimulation. There was at least 20 s between stimulations.
16
Participants could indicate when they no longer wished to increase stimulus intensity but they were asked 17 to select a stimulus that was painful and required some effort to tolerate, which corresponds roughly with a more chance they had of winning their prize. Next, participants assessed ticket value and ticket 1 pleasantness. Lastly, the experimenter asked the participants to complete the goal-related questions. showed the different question types on screen as they would appear during the task, and instructed the 8 participant to select an answer option (e.g., "select the middle gate"; "give a score of 10"). Participants 9 could practice until they felt confident in using the numeric keyboard. Next, the experimenter explained 10 that participants would make arm extension movements with the Haptic Master, and now had the 
22
In this phase, participants were instructed to perform movements through one of the three gates as soon as 23 they heard the start signal and were informed that movements would now be associated with either (a) an 24 80% chance of receiving a painful stimulus, (b) a 50% chance of receiving a painful stimulus, or (c) no 25 painful stimulation, and it was up to them to learn which movement path was associated with each outcome.
It was also mentioned that some movements would require more effort than others to perform. No lottery 1 tickets could be earned during this phase. Participants could choose the order in which they performed the 2 movements but completed 12 arm extensions per movement path (36 movements in total). For each 3 participant, a movement straight ahead (left gate) was associated with an 80% chance of painful stimulation, 4 but it was also the easiest to perform; the middle gate was associated with a 50% chance of painful 5 stimulation and was associated with some resistant force; and the right gate was never followed by painful 6 stimulation but was at the same time the hardest to perform. Painful stimuli were administrated upon 7 completion of the movement. Upon completion of this first block, a contingency check was administered.
8
Participants were asked to indicate which movement path was associated with 80%, 50%, and no painful 9 stimulation by selecting the corresponding gate using the numeric keyboard. If participants were 10 unsuccessful in learning the contingencies, they completed another block of 36 movements and were again 11 presented with the contingency check questions. Participants could complete up to three additional blocks.
12
If the last contingency check was answered incorrectly, the experiment ended for these participants. If 
19
When the movement-pain outcome contingencies were successfully learned, participants were 20 instructed to again perform arm extensions, but that they now could choose which movement they made.
21
As such, they no longer were requested to move through each gate. The instructions made clear that the 
16
Next, participants were informed that in the next phase, the cues would be integrated in the movement task.
17
Instructions stated that participants again were asked to perform arm extensions of their choice, as soon as 18 the start signal sounded. Furthermore, instructions stressed that the movement -pain outcome associations 19 still held. That is, the three movement paths were associated with 80%, 50%, and 0% chance of painful 20 stimulation, respectively. In total, participants were presented with 4 blocks of 3 pain CSs, 3 reward CSs, 21 3 neutral CSs, and 3 no-CS trials (48 trials in total). We a priori determined a pseudo-random reinforcement 22 plan, as the first selection of an 80% or a 50% chance of pain pathway always resulted in the administration 23 of the painful stimulation, whereas overall, the typical movement-outcome contingencies were in place for 24 each CS type. For example, if a participant selected the left pathway on every trial where a reward cue was presented, 80% of the movements were followed by a painful stimulus. We registered response latency, 1 response duration, total movement distance, and movement choice for each trial. 
Debriefing

10
Upon completion of the experimental task, the experimenter requested participants to fill in the 11 questionnaires online. The course of the lottery was explained, as was the aim of the experiment.
12
Participants could leave their contact information so that they could be contacted if they won the lottery 1 (see Fig. 3 ). Upon closer inspection, it seems that at block 1, there was no difference in maximum 7 movement distance when there was no cue presented compared to the presentation of a cue, ps > .105. 
15
The analysis revealed a significant association between CS type presented and the movement choice, 2
16
= 145.85, p < .001. There was a larger than expected number of times participants chose the paths associated 17 with 80% and 50% contingency when presented with a pain cue. It should however be noted that overall,
18
participants chose the safe path on at least 42% of the trials when a pain cue was presented (as compared   19 to 59-69% when presented with other cues).
21
Response latency
22
The analyses yielded a main effect of block, F(3, 123) = 14.81, p < .001, 2 = .1117, and a main effect of 23 CS type, F(3,123) = 3.2, p = .035, 2 = .0111 (see Table 2 ). The CS type × block interaction was not The results showed that participants became gradually faster over time, main effect of block, F(3, 123) = 5 10 .336, p < .001, 2 = .0528. There was however no effect of CS type, F(3, 123) = 1.41, p = .249, 2 =
6
.0062, nor an interaction between CS type and block, F(9, 369) = 1.3, p = .272, 2 = .0118 (see Table 1 ). perform the movements as quickly as possible. As is often the case in experimental research, participants' 7 main goal was to complete the task as is required. The action best matching this goal is to perform 8 movements straight ahead, which were also the movements associated with the highest chance of pain.
-INSERT
9
Moreover, we also asked participants which goal they deemed most important during the experiment, either 10 pain-avoidance, reward-seeking, or both equally important. Based on these goals, the same action may be 
16
Lastly, it is possible that differences in exposure to the outcomes and CSs may have contributed to 17 differences in pain intensity experiences-that is, increased pain sensitivity in the case of sensitization or 18 decreased pain sensitivity in the case of habituation-or differences in beliefs about the contingencies.
19
Future studies might include measurements of pain intensity and pain expectancy after each block to control 20 for such effects. To conclude, our study has shown that Pavlovian cues may influence behavioral choices,
21
in the sense that they seem to prioritize actions that shared a similar outcome with these cues, even when 22 these outcomes are undesirable. Further research that elucidates the underlying mechanisms is warranted. 
